Arch girder 


( BM—O ) o ^ (B.M.D.) < > jJ Luj^J I ju c. jj juo L^T 

• Jo *9 9 Hj j j->w« ^ jJ3 (j_C- Sj LlC- qjJJv. I jJ I jiLl I j 




Trapezoidal polygon 


CjIj^uSII! j\ (Joints) (concentrated loads) jjlc jlj Ijl ^Sll j 

(Arch girder) HJLJI ojj& 



CjIj^lSJI oLxjI ^3 (One way slabs) oj& 0* CjLLj^UJI ^Li LSj 


biLs (joints ) <jJIjJI-5j cb^jliJI 
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—Arch girder is used for span L (20 — 40m) 


Concrete Dimensions 


t(Arch girder)= 


L 


b= 


30cm 

- Spacing 
20 


30-40 


t 


= L 

(tie) 40-50 


h= 


L 


6-8 


t 


= H 

( Column) g 


Hanger or post (250*250) 


spacing jl ^ J_sl (hangers or posts) & 

2 

spacing lil Lol (One way solid slabs) 5 

2 

(One way H.B. slabs) 


aid y>lo 

131 

Lb^JLJI 5 ^ 
Ud^JLJ! 
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Statical system 



L 


77777777777 ? "777777777777 

oJa jaJLo 

Ja.g-9-9 oJulC-^I (j ^ JLtl jJLLU JL >- jj ^ 

Positions of slabs 



31 ) 


By Eng. Ezz EL— Din Mostafa & Eng. Yasser M. Samir 



window 





By Eng. Ezz EL— Din Mostafa & Eng. Yasser M. Samir 



How to draw Arch girder 


1 . 0 kN = J-k-9 CjIj-oSIU - 

(Main girder) JJ ( B. M. D.) JC*, ^ 0 jj - 


/yfciV /ifciV 1 kN 1 kN 1 kN 



t-jtwoj (B.M.D.) J£l^ jXLc yt>(Arch girder) - 



fl2 /l^ 


VI 


.ULsGj VI 


jl_>o ! 



q_9 j_C«<u 



5 t / Eng. Ezz EL— Din Mostafa & Eng. Yasser M. Samir 


one way slab 


Steps of design 



1 )Load From Slab: 

w sv =1 .4[t s \+F.c.]+1 .6L.L (for S.S.) 


w — 

su 


1 Aft s b*( e+b)+ bh& c -h5*wt. of block] 

(e+b) 


+ 1 .4F.C.+ 1 ,6*L.L. 

= kN/: 


For B 1 

wi =\bt*1 A 0+w s — % — kN/m ' 


w 1 kN/m ' 


i i i i i i i i i r 


L spacing | spacing q 


Ri 


For B 2 


R i =w i * Spacing 


u >2 =Y c bt*1 AO+w s *a kN/m 


w 2 kN/m 


— A" “ZT 

spacing spacing A 


R 2 


R 2 — w 2 * Spacing 
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2)Design of Arch girder: 


P=R 2 + o.w of Arch*a 
Pi =Ri+o.w of Arch (-^k — ) 


where o.w. of Arch girder=12 — + 14kN/m (working) 



Get M trrtn =PM. 
max 7 


Where M^is B.M. at midspan due to 1. 


OkN 


rp_ 0 . 95Mmax 
h 


, M^ es — 0. 05Mmax 


Design of sections: 

Sec^djzll N u.i.= 

Mu. 1. 

Sec. (2-2) T ul = 


0. 95Mmax 
h 

0 . 0 5Mqmax 

0 . 95Mmax 
h 
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3) Design of hanger 


T=o.w.(hanger)+ o.w. ( Tie)+R 2 


=0.25 *Y C *1 .40*h+V c bttie*1 .40 *cl+R 2 



Si a jjxJLo 


(jJUlILj (jl ^ (hanger)J\ 



4)Design of Columns 


N u .i= Z P/2 


Check Buckling 


Inside plane 


Case( 4) T 


Case( 1 ) 



H 


~ 

in 


2.2*H 

t 


Outside plane 


Case( 1 ) 
Case( 1 ) 
Case( 1 ) 


h * 


he 


1.2*h 


max 


Design section on N ui , M add 


\ut 


Where /i max is the 
bigger from hi ,h 2 
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C.L. of column 



R.F.T. of the Arch girder 




Example 


For the given plan and cross-section, 

it is required to: 

1 —Choose the suitable system to cover a 
this Area. 

2— Design all Slabs and draw plan of Rft. 


60m 



30m 


3— Design the main supporting element 
and draw details of Rft. 

F.C. = 1 . 5 kN/m 2 ,L.L=1 .0 kN/m 2 
f cu =25 N/mm 2 f =360 N/mm 2 

Solution 

To draw Arch girder: 


( 6 . 00 ) | 
2= I 


15.00 | 


( 10 . 00 ) 


' 0 . 00 ) 

15.00 | 


Sec. (1-1 ) 


IkN 1111111 IkN 



h 1 = 4 . 00m 

4 _ h2 _ h3 _ h4 _ hs 

37.5 36 31.5 24 13.5 

h 2 =3.84m , h 3 — 3.36m , h 4 =2. 56m , hg—1 .44m 


By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 



Design of solid slabs 


t s = 24 =12- 5 cm 

take t s =12 cm (Check def.) 

w su = 1.4 [0.1 2 *25+ 1.5]+ 1.6* 1.0 


w su =7.9 kN/m 2 


7. 90kN/m' 










71 2 

, 3.00 

71 71 

3.00 . 3.00 


2 96 7.11 5.93 5.93 


7.11 5.93 5.93 


Sec. (1-1) 


100=c 1 ° 1 = 5-93 J=0.8Z6 

A s = 0. F 26 NTOO* 360 = 2 - 39cm / /m '= 5 0 8 / rn ' 

For Secandry beams (250*500) 


For B 1 


wi =\b(t—t s )*1 .40 +w s ~22 — kN/m 

w, = 25*0. 25*(0. 5-0. 1 2)*1 .40+7. 9*N 


w, =15.1 8kN/m' 
R =w * Spacing 


15. 1 8 kN/m' 


£ 


6.00 


— — — "7T 

6.00 t 


R.^15. 1 8*6=91 .05kN 


Ri 
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For B 2 


u >2 =y c b(t—t s )*1 .40+w s *a JcN/m' 
w 2 = 25*0. 25*(0. 5-0. 1 2)*1 .40+7 .9*3.0 


w 2 =27 . 03 JcN/m' 

R =w 2 * Spacing 
R 2 =27. 03*6=1 62. 1 5kN 


s- 


27. 03 JcN/m' 

i i i i i i i i i i i 

A Zl 

6.00 , 6.00 

R 2 


Design of Arch girder 

P=R 2 + o.w of Arch girder* a 
P= 1 62. 15+13*1 .40*3 
P=2 1 6. 75kN 

Pi =Ri +o.w of Arch ( — ) 

^=91 .05+1 3*1 .40*1 .50=1 1 8.35kN 
M max =PM 1 =216.75*37.5 

M ma X = 8128 - 13 kN -™ 

C= T= °' 9 ^ Mmax = 0 95 *P 281 3 = 1 930.43 kN 
h 4 

M des =0-05Mm ax - M de =0. 05*81 28. 13 
M, =406.4 kN.m 

aes 

Sea (1-1) (300*1000) 



N u =1 930. 43kN 


Mu.l =406.4 kN.m 


Nu.l _ 1930.43*10 =Q 26 

bt fcWy *2 QQP*fr 8 ¥ os l a fa & Eng. Yasser M. Samir 



e= 


0.21 


e_ 

t 


0.21 

1 


0.21 <0.5 


M u , i 

N u .i 


406.4 

1930.43 


use I.D. 


Mu. I 406.4*1 0 6 

bt 2 r n ~300*1 000 2 *25 ~ 


P<1 Take P = 1 
A s =a’ s = 1*10~ 4 *25*300*1 000 
A s =A’ s = 750mm Z =7.50cm Z 
A s Total =7.50*2 =15.0 cm 2 
As ruin =^*30*1 00=1 8.0cm 

A s =1 2 <#> 1 6 

Sea (2-2) ( 300*600 ) 


T u .l = 1 930.43 kN 

a = Tud W30A311Q 3 
S <7% 360/1.15 

As=61 . 7crri =14025 

Desin of hanger 

T ul =0.25 2 *4*25*1 .40+0.3*0.6*25*1 .40*3+1 62. 15 
T u .i = 189.80 kN 

A S = gg o/?°* 5 ° 3 =6. 06cm 2 =4016 
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Design of Columns (300*750) 


N u .i= ZP/2 


Nui 


9*216.75 

2 


+ 118.35 


Nul = 1093.73 kN 



2.2*6.75 

0.75 


19. aP 


, 1.2*4.25 

\ut 0.30 


Buckling inside plane 

s, _ K t - 19.80 Z *0.75 _ 
6 2000 2000 


0. 147m 


M add =1 093. 73*0. 147=160. 78kN.m 

NjuA - 1 093. 73*1 Q 3 _ n ln r _ 750-100 

btf cu 300*750*25 ^ 750 

Mux - 1 60.78*1 0 6 _ n 

btzf cu 300*7502 *25 UUcSa 

P<1 Take P = 1 

A s =A S - = 1 *1 0~ 4 *25*30*75=5.63cm 

A 0.25~h 0.052*1 9.80 oo 'y n ^^3 

min = -fOQ *30*75=28. 79cm 

A s =1 2 <//> 18 


17.00 


0.87 
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B 1 (250*500) 



— — — 

( I 

V_oy 

B 2 (250*500) 
B 2 (250*500) 

!!! 

B^( 250*500) 

> 



B 2 (250*500) 


Bj_(250*500) 

1 

1 

B 2 (250*500) 

1 

1 

Bp (250*500) 

1 

1 

Bp (250*500) 

\ \ 




1 

Bp(250*500) 

k 

% 

==£= 

f 

B 1 (250*500) , 
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R.F.T. of the Arch girder 


Example 


<$> 

For the given plan and cross-section, 

it is required to: 

1 —Choose the suitable system to cover 

this Area. 


2— Design all Slabs and draw plan of Rft. 


V 


35m 


45m 


3— Design the main supporting element 
and draw details of Rft. 


(5.00) 

2 = 


(9.50) 

— i 

I 

If 5-00 


(9.50) 


5.0m 5.0m 5.0m 5.0m 

F.C. = 1 .5kN/m 2 ,L.L=1 .0 kN/m 2 

/ 2 / 2 Sec.(l-I) 

f cu —25 N /mm 2 f =360 N /mm 2 

wt block = 0.15 kN 


Solution 


To draw Arch girder: 


h 1 =4. 50m 


1 kN 1 kN 1 kN IkN IkN 1 kN 



4.5 _ h2 _ h3 
30.0 25. CT 15.0 

h 2 =3. 75m , h 3 =2.25m 
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Design of H.B. slabs 


t — =27 . 78cm Take t =25 cm [20cm+5cm] 

(block) (slab) 

1 .4[0. 05*25*0. 5+0. 1 *0.2*25+ 5*0. 1 6] 

w = — +1.4*1. 5+1. 6*1.0 

su 0.50 


w su —8- 95 kN/rri 
W su/R ib= 0 - 5*8. 95=4. 48kN/m 

4.48kN/m 


A A A A 

L. 5.00 i 5.00 | 5.00 .j 



Sec. (1-1) 


220=C 1 | / C 1 =7.52 J=0. 826 

1 I 500*25 1 2 

A — 11.20 1_0 — 1 y 1 nrjq nryiT / +n h 

s 0.826*360*220 + 

A s =2 <p 12/rib 
Sec. (2-2) 

A = 9.30*1 0 6 — _ 1 4 2mrrfi /rib 

s 0.826*360*220 + 

2 <ff> 10/Rib 
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For Secandry beams (250*500) 

For B 1 

vui =Y c bt*1 .40+w s -j=j — JcN/m ' 
w, = 25*0.25*0.5*1 .40+8. 95*^f 


w, =26. 75kN/m' 

R =w 1 * Spacing/ 2 

R 1 =26. 75*5/2=66. 88kN 
For B 2 


26. 75kN/m' 


rrr 

l II II II 

rrri 

A 

L. 

5.00 

A 

▲ 


Ri 


W 2 = Y c bt*1 .40+w s *a kN/rn 


w 2 = 25*0.25*0.5*1 .40+8.95*5.0 


w >2 —49. 13kN/nri 
R 2 =w 2 * Spacing/2 

R 2=49. 13*5/2 = 1 22. 80kN 


49. 1 3kN/m' 


rrr 

1 1 1 1 1 1 1 

rrri 

A 

1 

5.00 

A 

A 


R 2 


Design of Arch girder 

P=2R2 + o.w of Arch girder* a 
P=2*1 22.80+1 4*1 .40*5 
P=343.63kN 

Pi =2Ri + o.w of Arch ( ^ ) 

P j =2*66. 88+ 14*1 .40*2. 50= 1 82. 76kN 
M rnax =PM 1 =343.63*30.0 

M =10308.90 kN.m 

max 
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C_rp_ 0- 9 S M-max _ 0.95*10308.90 _2-jyg ^2 hN 


h 


4.50 


M des =0.05M, 


max 


M des =0. 05*1 0308.90 


M des =515A4 ^- m 


Sec. (1-1) (300*1100) 



N u =21 76.32kN Mu. I =5 15.44 kN.m 


NuA 2±76_M/1< _ 
btf cu ~ 300*1 100*25 ~ 


_ Mui _ 5/5.44 _ 
®“ N u .i ~ 21 76.32 ~ 

use I.D. 


e 0.24 _ 
t ~ 1.1 ~ 


Mu.l 51 5.44*1 0 6 
bt 2 f n . ~300*1 1 0O 2 *25 ~ 

O LL 


P<1 Take P = 1 

A s =a’ s = 1*10~ 4 *25*300*1100 

^4 S =A’ s =825mm 2 =8. 25cm 2 

Total =8.25*2 =16.5 cm 2 
A s min =^*30*110=1 9.8cm 

A s =1 2<p 16 


Sec. (2-2) ( 300*700 ) 


Tu.l=21 76.32 kN 

a = Tu.l 21 76.32*1 Q 3 
1^7% 360/1.15 
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21 <0.5 


As= 69.52cm 2 =16025 

Desin of hanger 

T uA =0.25 2 *4.5*25*1 .40+0.3*0.7*25*1 .40*5+ 122.80 
Tu.i =169.40 JcN 

A s= Iso/I 0 *™ 3 40crn =40 1 6 


Design of Columns ( 300 * 650 ) 

N u .i= 2 P/2 


N ui. 


6*343.63 

2 


+ 182.76 


N ul.= 1 21 3.65 kN 



2.2*5. 75 
0.65 


19.46 



1.2*3.25 

0.30 


13.00 


Column is long col. inside & outside plan 



t_ 

2000 


19.46 2 *0.65 
2000 


0. 1 23m 


M ad d= 1 21 3.65*0.1 23=1 49.37kN. m 

N u . i. _ 1213.65*1 Q 3 _ n 0/ - r _ 650-100 _ n oe - 

btfcu 300*650*25 ^ 650 

Mud. = 149.37*10 6 =n nd7 

bt 2 f cu 300*650^ *25 

P<1 Take P = 1 


A S =A S ' = 1*10 4 * 25* 30*65 =4. 88cm 


A 


S min 


0.25+0.052*1 9.46 
100 


*30*65=24. 6 1 cm 


A s =1000: 18 Ezz El-Din Mostafa & Eng. Yasser M. Samir 
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R.F.T. of the Arch girder 



Example 


North 


For the given plan, it is required to: 


1 —Choose the suitable system to cover 
this Area. 

2— Design all Slabs and draw plan of Rft. 

3— Design the main supporting element 

I 35m 

and draw details of Rft. 


48m 


F.C. = 1 ,5kN/m z ,L.L=O.S kN/m z 
f =25 N/mm z , f =360 N/mm z 

i/ 

wt block — 0.15 kN 


Solution 

To draw Arch girder: 


h 1 =4. 50m 


1 kN 1 kN 1 kN 1 kN 1 kN 1 kN 



4.5 _ h2 __/Z3_ 
30.0 25. (T 15.0 


h 2 =3.75m , h s =2.25m 
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Design of H.B. slabs 


5m 


t s = mr =27 - 7 & cm 

Take t =25 cm [20cm+ 5cm] 

(block) (slab) 



Q=tan 1 (4/)=36.87>30 
b.U 

(S=tan 1 (/T± )=30 


x=7 . 80m 


L n = 1 . 8m 


1 .4[0. 05*25*0. 5+0.1 *0.2*25+5*0.1 6] 

w — + 1 .4*1 .5+ 1 .6*0.5 

su 0.50 Cos0 


w su —8. OOkN/m 

W su/Rib = 0- 5*8. 00=4. OOkN/m ' 

4. OOkN/m 


5.00 


71 

i 5.00 


5.00 


Sec. (1-1) 


7T 

j 



M des =Mcos 0— 1 0. 0*0. 8=8. OkN. m 


225 =C. 


8 . 00*10 


i 


500*25 


C 1 =8.89 J =0.826 


8 . 00*10 


6 


As 0.826*360*225 
A s =2 < tt > 1 0/rib 


= 1 .20 cm 2 /rib 
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5m 


For Secandry beams (250*600) 

For B-/ 

wi =y c bt*1 .40+w s -jg- kN/rrC 
w 1 = 25*0.25*0.6*1 .40+8.00* 

Wi =25.25kN/rn 



For B 2 

W 2 =Y c bt*1 .40+w s *a kN/rn 
w 2 = 25*0.25*0.6*1 .40+8.00*5.0 
w 2 =45.25kN/rn 



5m 


Design of Arch girder 

P=263. 36+ 1 57.47+ o.w of Arch girder*a 
P=263. 36+1 57.47+1 4*1 .40*5 
P=5 1 8. 83kN 


Pi =1 46. 96+87. 87+0. w of Arch (~%~) 


P= 1 46. 96+87.87+ 14*1.40*2. 50=283. 83kN 


M max =PMi =518.83*30.0 


M =1 5564. 90kN.m 

max 


c=T= 0 1 95Mm^ = 0 1 95f15564 1 90 =32 85.92 kN 


h 


4.50 


+ es =0-05M. 


max 


M des~° ' ° 5 * 1 55 64 - 90=778. 25kN. m 
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Sec. (1-1) ( 350*1100 ) 


Nu.i. =3285. 92kN Mu.l=778.25kN.m 


NuA 328N92/±(f - 
btf cu ~ 350*1 100*25 ~ 


_ Mad _ 7782)5 _ 
e ~ N u .i ~ 3285. 92 ~ 


5— = =0 .21 <0.5 



9=2.5 

A s =A’=2. 5*1 0~ 4 *25*350*1 1 00 

=A’ s =2406.25mm =24. 06cm =7 $22 

■^iS 1 Total ~ 24. 06* 2 =48. 12 cm 

min =f^j§-*35*1 1 0=23.1 cm < Total (ok) 

Sec. (2-2) (350*700) 


Tu.l =3285. 92 kN 

a = Tu.l 3285.92*1 0 3 
Jy7% 360/1.15 

As = 1 04.97cm 2 =22025 


Desin of ha/nger 


T u i =0.25 *4.5*25*1 .40+0.35*0. 7*25*1 .40*5+1 57. 74 
Tu.l =2 1 0.46 kN 

4s = Vro/iVr =6. 72cm 2 =4016 
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Design of Columns ( 350 * 650 ) 
N u .i= 2 P/2 


Nul.= 6 * 5 9 ?<9,93 +283.83 


Nul = 1840.32 JcN 


\= HW ^= 19 ' 46 


\ut 


1.2*3.25 


0.35 


Column is long col. inside & outside plan 


g h = h> t 

b 2000 


19.46 *0.65 
2000 


=0. 1 23m 


M add =1 840.32*0. 1 23=226. 3 6 kN. m 

Nu . l = 1 840.32*1 0 3 =f) n p , _ 650-100 = 

Wcu 350*650*25 ^ 650 

Mil l - . 2 / 86 . 36 * 7 (f_ =n nR1 

bt 2 f cu 350*650? *25 

9=1 .5 

A s =A S - = 1 .5*1 0 4 *25*35*65=8.53crn 


A 


S min 


0.25+0.052*1 9.46 
100 


*35*65=28.71 cm 


A* =12<H> 18 


11.14 


0.85 
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S amir 


( 9 . 50 ) ( 9 . 50 ) 0.50m 




R.F.T . of the Arch girder 


